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Abstract 
This paper describes a novel neonatal body sensor network, applicable for miscellaneous vital signs acquisition. The 
sensor nodes (⌀ 15 x 4 mm) incorporate energy scavenging circuitry for a magnetic power link. Two sensor front-
ends, which can respectively measure biopotentials and respiration signals, are designed and clinically tested in the 
NICU. Heart and breathing rate are easily derived from preterm neonates, in spite of the noisy clinical environment.  
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1. Introduction 
Critically ill newborns, admitted at the neonatal intensive care unit (NICU), need constant observation. A 
trend towards wireless, battery powered body sensor networks emphasizes an increase of comfort and 
facilitates neonatal care [1-2]. However, modern diagnostics implicate long-term, high-quality data acqui-
sition and evoke a challenging trade-off between miniaturization, autonomy and functionality. Inductive 
power transfer overcomes the shortage in on-board available energy and hence averts the compromise 
between size and autonomy. Moreover, in contrast with alternative energy scavenging techniques, an 
inductive link can transmit power in the order of 100 mW [3], enabling high-quality data acquisition. An 
inductive power transmitter, comprising a fixed coil at the bedside has been developed [4]. The resulted 
magnetic field can be used to power multiple sensor nodes, attached to the patient. This paper defines a 
neonatal body sensor network and describes two sensor nodes, which can respectively measure biopoten-
tials and respiration signals. The sensor nodes incorporate energy scavenging circuitry for the inductive 
link and consequently pursue superior size and functionality properties in comparison to other work [5-6]. 
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2. System Design and Implementation 
2.1. The system architecture 
Each sensor node consists of a common data acquisition, data communication, energy scavenging and 
power management block and a specific sensor front-end. Fig. 1.a depicts a block-level schematic of the 
system architecture of an individual sensor node and indicates the most important off-the-shelf 
components. Fig. 1.b shows an overview of the targeted clinical setup. The vital signs, acquired by two 
respiration nodes and one heart rate node are concurrently communicated to an off-body receiver through 
a 2.4-GHz link (NRF24l01+, Nordic Semiconductors) and real-time visualized on a pc. An indoor 
telemetry range of 10 m is observed. Each node is powered by the fixed primary coil at the bedside, 
which is driven by an optimized class E power driver. The acquisition parameters can be adjusted online. 
2.2. The system assembly  
The system architecture of each node is modular and consists out of two circuit boards; one contains 
the dedicated sensor front-end, the other one subsumes the general-purpose data acquisition and power 
management blocks. Consequently, the nodes are easily adaptable for miscellaneous vital signs 
acquisition. Both circuit boards also serve as battery contacts for a rechargeable coin cell battery of 10 
mAh. The two electronic circuits are interconnected through the case wall with 12 embedded wires. These 
interconnects are used to communicate between the sensor interface and the microcontroller that manages 
the data acquisition (PIC18F14k22, Microchip). Two embedded wires are reserved for power coupling. A 
coil with an inductance of 5.7 μH and a quality factor of 135 at a frequency of 1MHz surrounds each node 
and functions as an inductive power receiver to recharge the battery. An assembled sensor node measures 
4 mm high and has a diameter of 15 mm. The system assembly is illustrated in fig. 2.a and fig. 2.b. 
2.3. Inductive energy scavenging  
The magnetic link is optimized and evaluated in a lab environment. A power of more than 10 mW is 
observed over a distance of 150 mm. Inductive power transfer is therefore proven to be an effective 
method to recharge the on-board coin cell battery as well as to power the sensor nodes online.  
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                                       (a)                                                                                                                (b)     
Fig. 1. (a) The modular block-level schematic of a sensor node; (b) The targeted clinical setup 
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(a)  (b) 
Fig. 2. (a) The assembly schematic; (b) The different components of the system (top) and an assembled sensor node (bottom).  
3. Results and Discussion 
3.1. The heart rate node 
The heart rate node consists of an integrated biopotential amplifier with a 24 bit analog-to-digital 
converter (ADS1292, Texas Instruments). This amplifier is extended with an additional instrumentation 
amplifier (INA333, Texas Instruments), making the module applicable for diverse biopotential signals, 
such as ECG, EEG and EMG. The total gain and sample rate are online adjustable in the range of 
respectively 46 to 68 dB and 125 to 2000 Hz. Two ECG-measurements of 10 seconds with a sample rate 
of 250 Hz and a gain of 58 dB are depicted in fig. 3.a. The upper graph results from an adult in a home 
environment; the bottom graph is derived from a preterm neonate at the NICU. In both cases the signals 
are filtered with a high pass filter of 0.5 Hz to remove the DC offset and an active low pass filter of 150 
kHz to avoid aliasing during analog-to-digital conversion. Shielded wires, active electrodes and right leg 
feedback reduce the 50 Hz interference to -150 dB in a home environment. The total power consumption 
of the heart rate node at a sample rate of 250 Hz measures 1.25 mA, corresponding to an autonomy of 8 
hours, using the on-board coin cell battery.  
3.2. The respiration node 
The second sensor front-end is an inertial measurement unit, containing an accelerometer (BMA180, 
Bosch) and a gyroscope (L3G4200D, ST). This module is used to measure body inertia and posture. The 
range and sample rate of both sensors are again online adjustable to meet the requirements of the intended 
application. The respiration rate acquisition method, described in previous work [7] is clinically tested on 
a preterm neonate.  For this purpose, an accelerometer signal with an accuracy of 0.5 mG, a range of ±1 G 
and a sample rate of 10 Hz is applied. The signal is digitally band pass filtered between 0.1 and 5 Hz at 
the sensor node. Fig. 3.b shows a 30 second measurement. The total power consumption of the respiration 
node for these settings measures 0.7 mA, corresponding to 14 hours of battery power. 
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     (a)                                                                                                       (b) 
Fig. 3. (a) An adult (up) and premature ECG signal obtained at NICU (bottom); (b) A neonatal breathing signal obtained at NICU. 
4. Conclusion 
An innovative neonatal body sensor network is described and clinically tested on neonates at the 
NICU. Heart rate and breathing rhythm are easily derived and agree with the expected neonatal values  
[8-9]. The system architecture is kept modular, enabling integration of miscellaneous vital signs. Each 
node incorporates energy scavenging circuitry for an inductive link, pursuing superior size and func-
tionality properties. The discussed system architecture proofs the concept of inductive powering for non-
invasive devices at the bedside. This will be clinically tested in the NICU and reported in future work.  
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